Context. The previously identified source SSTB213 J041757 is a proto brown dwarf candidate in Taurus, which has two possible components A and B. It was found that component B is probably a class 0/I proto brown dwarf associated with an extended envelope. Aims. Studying molecular outflows from young brown dwarfs provides important insight into brown dwarf formation mechanisms, particularly brown dwarfs at the earliest stages such as class 0, I. We therefore conducted a search for molecular outflows from SSTB213 J041757. Methods. We observed SSTB213 J041757 with the Submillimeter Array to search for CO molecular outflow emission from the source. Results. Our CO maps do not show any outflow emission from the proto brown dwarf candidate. Conclusions. The non-detection implies that the molecular outflows from the source are weak; deeper observations are therefore needed to probe the outflows from the source.
Introduction
Since molecular outflows are a basic component of the star formation process, studying the molecular outflow properties will help us understand the star formation mechanism. For brown dwarfs (BD), some observations have been carried out in the past few years to characterize jets and molecular outflows in class II BDs, very low-mass (VLM) stars (Whelan et al. 2005 , Phan-Bao et al. 2008 , and proto BD candidates (Bourke et al. 2005 , Kauffmann et al. 2011 ). These observations have suggested that the outflow process occurs in BDs as a scaled-down version of that in low-mass stars, providing additional evidence that BDs form like stars. However, it is still unclear how this physical process occurs at earlier stages, such as at classes 0, I of the BD formation process, because we lack identification and studies of BDs at these classes. Therefore, observations of molecular outflows from BDs at these earliest stages are clearly important to complete our understanding of BD formation mechanism. These observations will also provide strong constraints on BD formation theory (e.g., Machida et al. 2009 ).
Taurus is a nearby star-forming region (∼145 pc) where many class II BDs have been identified and studied. The region is therefore a good target to study the BD formation process. For class II BDs and VLM stars, Phan-Bao et al. (2011) have reported the first detection of a bipolar molecular outflow from MHO 5, a VLM star of 90 M J . The molecular outflow from MHO 5 shows similar properties as seen in ISO-Oph 102 (a young BD in ρ Ophiuchi, Phan-Bao et al. 2008) 
such as
Send offprint requests to: N. Phan-Bao low-velocity (<5 km s −1 ), compact structure (500−1000 AU), small outflow mass (10 −6 − 10 −3 M ⊙ ), and low mass-loss rate (10 −10 − 10 −6 M ⊙ yr −1 ). For BDs at ealier classes, Barrado et al. (2009) have reported the detection of a proto BD candidate SSTB213 J041757 (hereafter J041757) with two possible components, SSTB213 J041757 A and SSTB213 J041757 B (hereafter J041757-A and J041757-B). Luhman et al. (2010) spectroscopically classified J041757-A as an M2 background dwarf star and suggested that the proper motion of J041757-B is inconsistent with membership in Taurus. Palau et al. (2012) recently reported a detection of centimeter continuum emission at the position of J041757-B, which is attributed to thermal free-free emission due to shocks in the jet of J041757-B driven by a central object. The detection has implied that J041757-B might be a proto BD. J041757-B is therefore a good target for our ongoing program of characterizing molecular outflows in the substellar domain. We thus conducted a search for molecular outflows from the proto BD candidate with the Submillimeter Array (SMA). This paper presents our millimeter observations of J041757 and discusses the nature of the source.
Observation and data reduction
We observed J041757 at 230 GHz with SMA 1 (Ho et al. 2004 . A lower resolution of 3.25 MHz per channel was set up for the remainder of each sideband. The quasars 3C 111 and 3C 84 were observed for gain calibration and 3C 279 for passband calibration. Uranus was used for flux calibration of the target. The uncertainty in the absolute flux calibration is about 10%.
We used the MIR software package and the MIRIAD package adapted for the SMA for data calibration and analysis, respectively. All eight antennas in the compact configuration results in a synthesized beam of 3 ′′ .34 × 2 ′′ .79 with a position angle of 30
• using the natural weighting. The primary FWHM beam is about 50 ′′ at the observed frequencies. The rms sensitivity was about 1 mJy for the continuum, using both sidebands, and ∼0.15 Jy beam −1 per channel for the line data.
Discussion
Based on IRAC/Spitzer color-color and color-magnitude diagrams, Barrado et al. (2009) classified J041757 as a class 0/I proto BD candidate because the position of J041757 lies in the locus of class 0/I objects in the diagrams. Optical and nearinfrared images have shown that J041757 has two possible components A and B. The resemblance in spectral energy distribution (SED) between J041757 and the very low luminosity object L1014-IRS (Young et al. 2004 , Bourke et al. 2005 , which is a class 0/I proto BD candidate, suggests that J041757 is also a class 0/I proto BD candidate (see Fig. 3 in Barrado et al. 2009 ). Using near-infrared spectroscopy, Luhman & Mamajek (2010) classified J041757-A as an M2 background dwarf star because of the absence of strong H 2 O absorption bands in its spectrum as seen in young late-M dwarfs. For the remaining component J041757-B, the source was too weak to obtain a spectrum. Barrado et al. (2009) detected unresolved radio continuum emission with VLA at 6 cm from the position of J041757. With higher angular resolution observations, Palau et al. (2012) recently reported radio continuum emission detected at 3.6 cm (0.19±0.11 mJy) and 6 cm (0.20±0.05 mJy), and the emission is only associated with J041757-B; J041757-A shows no radio emission. Palau and collaborators also found that the emission is not polarized with a flat spectral index in the range of 6−3.6 cm. This suggests that the mechanism of centimeter continuum emission is thermal free-free emission caused by shocks in the jet driven by the central object (see Palau et al. 2012 and references therein). The authors concluded that the emission is not consistent with the centimeter emission from AGNs, which is typically produced by synchrotron emission (from relativistic accelerated electrons).
If J041757-B is driving a radio jet, molecular outflows, which are ambient gas swept up by the jet, are expected. The 1. We consider the first possible scenario that J041757-B is a background object behind Taurus. The flat spectral index of radio emission as reported in Palau et al. (2012) supports the scenario that the source is a galactic object and not a galaxy. To estimate the distance of J041757-B, we used the extinction law as given in Mathis (1990) with R V = 3.1 and then dereddened apparent magnitudes from Barrado et al. (2009) (Thé et al. 1990) gives an average distance of about 340 kpc for J041757-B, significantly larger than the currently known extent of our Galaxy as discussed in Palau et al. (2012) . The source J041757-B might be a variable giant star, thus its photometric variability along with high extinction might cause a large uncertainty in estimating distances and spectral type. However, the K-band magnitudes measured at three different epochs do not show any significant variability of the source: K = 16.95 ± 0.08 (UKIDSS-DR6 2 , epoch = 2005.968), K = 16.79 ± 0.04 (UKIDSS-DR8, epoch = 2010.077) and K S = 16.81 ±0.03 (Barrado et al. 2009 (Barrado et al. , epoch = 2007 . All these measurements agree well within error bars and the difference of about 0.1 mag between the WFCAM and 2MASS photometric systems (Hewett et al. 2006 ). 2. The second possible scenario is that molecular outflows from J041757-B are too weak to be detectable with SMA. Palau ′′ ), giving a detection level of only ∼1σ for our 12 CO J = 2 − 1 observations in the same velocity range if we assume that the CO J = 2 − 1/J = 1 − 0 ratio is 1. The detection level of 13 CO J = 2−1 outflows were estimated in the same manner. The brightness temperature of redshifted 13 CO J = 1 − 0 emission (e.g., 6.5−7.5 km s −1 , see Fig. 5 of Palau et al. 2012 ) is about 3 K or ∼12.0 Jy/beam (for a beam size of 22 ′′ ). This corresponds to 0.22 Jy/beam (for an SMA beam size of 3 ′′ ), giving a detection level of ∼2σ for our 13 CO J = 2 − 1 observations. This therefore could explain our non-detections of 12 CO J = 2 − 1 and 13 CO J = 2 − 1 emission. Moreover, J041757-B and L1014-IRS share similar SEDs but the latter source shows outflow emission detected by SMA (Bourke et al. 2005) . First, this is possibly because the gas in the Taurus region around J041757-B is much less dense (i.e., weaker outflow emission) than that around L1014-IRS. The estimated visual extinction A V ∼ 25 of L1014-IRS (Huard et al. 2006) , which is significantly greater than the extinction A V ∼ 5 of J041757-B (see above), supports this possibility. Second, the bolometric luminosity of J041757-B (0.003 L ⊙ , Barrado et al. 2009 ) is 50 times less luminous than that of L1014-IRS (0.15 L ⊙ , 258 pc, Maheswar et al. 2011 ). If we assume that the outflow force vs. bolometric luminosity correlation of proto stars (e.g., Takahashi & Ho 2012 ) is applicable for proto BDs, this implies that the outflow force in J041757-B would be much weaker (i.e., weaker molecular outflow emission) than in L1014-IRS. With such a very low bolometric luminosity (0.003 L ⊙ ), the centimeter luminosities of J041757-B appear unusual, however. Figure 2 shows the 3.6 and 6.0 cm luminosity vs. bolometric luminosity diagram for proto stars (L bol ≤ ∼ 10 3 L ⊙ , low-mass and intermediate-mass protostellar sources, see also Shirley et al. 2007 and references therein) as well as three proto BD candidates, J041757-B, L1014-IRS and IRAM 04191+1522 (0.07 L ⊙ , Maheswar et al. 2011) . The rms dispersions of the proto stars around the cm luminosity vs. bolometric luminosity correlations as given in Shirley et al. (2007) are 0.37 and 0.47 for 3.6 cm and 6.0 cm lumi- Fig. 2. 3.6 and 6.0 cm luminosity vs. bolometric luminosity for proto stars, data from Furuya et al. (2003) , Eiroa et al. (2005) and references therein. Three proto BD candidates IRAM 04191+1522, L1014-IRS and J041757-B are also plotted with centimeter flux from André et al. (1999) , Shirley et al. (2007) , Palau et al. (2012) ; the distance and bolometric luminosity for IRAM 04191+1522 and L1014-IRS are taken from Maheswar et al. (2011) , an average distance of 145±5 pc is used for J041757-B (e.g., Loinard et al. 2007 ). The dashed line represents the correlations given in Shirley et al. (2007) . nosity, respectively. For L1014-IRS and IRAM 04191+1522, the deviations from the correlations appear larger than the rms dispersions, but they are still in the range of dispersion of the proto stars, 0.02−0.89 for 3.6 cm and 0.03−1.1 for 6.0 cm luminosity. This suggests that the two proto BD candidates L1014-IRS and IRAM 04191+1522 follow the correlations of proto stars. However, observations of more proto BDs are needed to confirm this trend. For J041757-B, it is unlikely that the proto BD candidate follows the correlations of proto stars. With a much lower bolometric luminosity, the centimeter luminosities of J041757-B, however, are similar to those of L1014-IRS and IRAM 04191+1522 (Fig. 2) . These values of J041757-B are about 1.6 (for 3.6 cm luminosity) and 2.3 (for 6.0 cm luminosity) orders of magnitude brighter than the expected luminosities, which are estimated from the correlations in Shirley et al. (2007) at the given bolometric luminosity of J041757-B. This suggests that J041757-B possibly has two components of centimeter emission as observed in L1014-IRS (Shirley et al. 2007 ), a steady thermal component and a variable nonthermal component. The contribution of the latter one to the centimeter emission could significantly change the luminosities of the proto BD candidate. More observations at different epochs are needed to study the variability of the source. Finally, we also measured 1.3 mm continuum emission at the position of J041757-B with an upper limit of 1 mJy. Our measurement agrees with that from Barrado et al. (2009) , who reported a value of <2.88 mJy at 1.2 mm. Using the relation between the millimeter continuum emission and the mass of compact gas and dust as given in Wilking et al. (1989) for a temperature of 20 K, we derive an upper limit of ∼1 M J to the disk mass of J041757-B.
Conclusion
We presented our SMA observations of the proto BD candidate J041757-B and discussed two possible scenarios on the nature of the source: a proto BD in Taurus and a background giant. Based on our observations and currently available data, we conclude that the molecular outflows from the proto BD candidate are weak, therefore, more sensitive radio observations are required to explore the outflows and the dense envelope/core associated with J041757-B to confirm its nature. 
